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DATA CABLE AND MOTOR VEHICLE WITH
THE DATA CABLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation, under 35 U.S.C. §120,
of copending international application No. PCT/EP2015/
052329, filed Feb. 4, 2015, which designated the United
States; this application also claims the priority, under 35
U.S.C. §119, of German patent application No. DE 10 2014
202 214.2, filed Feb. 6, 2014, and of German patent appli-
cation DE 10 2014 207 781.8, filed Apr. 25, 2014; the prior
applications are herewith incorporated by reference 1n their
entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a data cable for transmitting data
signals 1n the high frequency range, for example in the
megahertz or gigahertz range, and to a motor vehicle having
such a data cable.

Ethernet technology 1s known for the transmission of data
and 1s also 1n particular increasingly used 1n motor vehicles.
Automobile Ethernet lines are usually composed in this
context of merely one conductor pair, whereas 1n customary
domestic installation lines, for example, of the category CAT
5, CAT 6, typically four pairs are combined in one data
cable. In the field of automobiles, the data lines are fre-
quently embodied without a pair screen, that 1s to say a
respective conductor pair 1s not provided with screening. A
respective conductor pair 1s typically stranded together.
Furthermore, so-called quad strandings, in particular star
quads, 1n which four conductors are stranded to one another,
are known.

In such non-screened lines, the high-frequency fields also
propagate in the outer region, that 1s to say, in particular, in
the sheath surrounding the respective conductor pairs or the
quad stranding. The sheath therefore influences the trans-
mission quality and the transmission loss of a high-fre-
quency data cable.

With these transmissions, the undesired transmission of
energy from one cable to other cables or the 1rradiation of
high-frequency fields into the transmission system 1s also
disruptive here. This behavior 1s known as crosstalk 1n the
technology. The “alien-next”, which describes the irradia-
tion between diflerent services or cables 1n the same cable
harness, 1s to be considered an extension of the known
crosstalk. A transmission system can only compensate a
limited quantity of irradiated energy without operating
incorrectly.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide a
data cable which overcomes the above-mentioned and other
disadvantages of the heretofore-known devices and methods
of this general type and which specifies a data cable with
improved transmission properties.

With the foregoing and other objects in view there i1s
provided, in accordance with the invention, a data cable,
comprising;

a transmission core having a single stranded conductor
pair or four conductors that are stranded to form quad
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stranding, each conductor having a line and a conductor
insulation sheathing said line;

a jacket with a high proportion of air surrounding said
transmission core, said jacket being selectively formed by a
foamed sheath or at least one spacer element which defines
an annular sheath space with free air spaces around said
transmission core.

In other words, the novel data cable has a transmission
core which 1s formed by merely one stranded conductor pair
or alternatively by means of a quad stranding composed of
four conductors which are stranded to one another, i1n
particular, as star quads. Each of the conductors 1s composed
here of a line and a conductor insulation which surrounds it.
The transmission core 1s, 1n particular, non-screened here. In
order to reduce the transmission losses and/or to reduce
external interference influences, the transmission core 1s
surrounded by a jacket with a high proportion of air or gas.
This jacket with a high proportion of air 1s formed here by
means of a foamed sheath or by means of at least one spacer
clement which defines an annular sheath space around the
transmission core with open air spaces.

The jacket 1s expediently applied concentrically to the
transmission core, and the jacket and transmission core are
therefore arranged strictly coaxially with respect to one
another. The transmission properties are intluenced posi-
tively by this high degree of symmetry.

The cable 1s, 1n particular, an automobile Ethernet line
which are usually formed by a single conductor pair which
1s surrounded directly by an insulation sheath (outer sheath).
The standard plugs for such a data cable are usually com-
paratively small 1n size and require a small cable diameter,
that 1s to say the diameter of the outer sheath in the region
of merely a few millimeters, for example 3 mm.

In an expedient embodiment, according to a first basic
variant the jacket with the high proportion of air 1s arranged
with intermediate positioning of an intermediate sheath and
forms an outer sheath. The outer sheath 1s understood here
to be, 1n particular, the outermost sheath which surrounds the
transmission core concentrically. Therefore, there 1s no
turther concentric layer or coating arranged around the outer
sheath. The cable with a structure which 1s terminated by the
outer sheath forms a pre-assembled unit. Basically, 1t 1s
possible to combine this pre-assembled cable with further
cables to form a composite cable or cable harness. The high
proportion of air 1s preferably produced by virtue of the fact
that the jacket 1s foamed.

This embodiment 1s based here on the underlying concept
of ensuring a necessary distance from, for example, an
adjacent data cable by means of this jacket which 1s embod-
1ed as an outer sheath, 1n order, therefore, to minimize, for
example, crosstalk effects by this means. Such problems
occur in this context 1in particular in low-cost applications,
for example 1 the field of motor vehicles i which costly
screening measures etc. for reducing such eflects are usually
dispensed with.

As a result of the application of the jacket with a high
proportion of air, adjacent data cables are therefore kept at
a sulliciently large distance. At the same time, the use of
material for this jacket 1s comparatively low as a result of the
high proportion of air. The same also applies to the weight
of the data cable. Overall, as a result unnecessary consump-
tion of maternial 1s avoided and the costs are kept low.

According to one preferred development, the intermediate
sheath 1s embodied as a solid sheath made of a suitable

insulating material, for example of TPE S. The desired
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mechanical properties such as, for example, tensile strength
etc. can be adjusted through the embodiment of the solid
intermediate sheath.

Alternatively, the intermediate sheath 1s also embodied
with a high proportion of air and 1s preferably embodied as
a foamed sheath. In this specific case, two foam layers are
therefore embodied as an intermediate sheath and jacket.

The intermediate sheath has a wall thickness preferably in
the range from 0.3 mm to 1 mm and preferably of 0.5 mm.
The wall thickness of the outer sheath 1s preferably in the
range from 0.2 mm to 0.8 mm. In particular, the outer sheath
has a smaller wall thickness than the intermediate sheath.

In a particularly expedient development, the jacket 1s
embodied so as to be easily separable from the intermediate
sheath. For this purpose, the jacket and the intermediate
sheath are expediently composed of different materials
which are connected to one another only to a small extent
and are, for example, polar or non polar. Alternatively or
additionally, a separating agent, for example 1n liquid form
or else 1 powder form, 1n particular in the form of stearates
1s introduced between the jacket and the intermediate sheath.

This embodiment 1s based on the idea of arranging the
jacket merely 1n 1mntermediate regions between two ends of
the cable and removing the jacket at the end regions in order
to be able to connect the data cable to standard plugs. As a
result, there 1s therefore overall the possibility of using data
cables with a relatively large outer diameter for the trans-
mission link while retaining the standard plugs, which
permit, for example, a maximum outer diameter of 3 mm,
with the result that the individual transmission cores of two
adjacent data cables 1n one cable harness are spaced apart as
far as possible from one another. At the same time, the
diameter 1s reduced to the necessary outer diameter only 1n
the region of the plug.

Correspondingly, 1t 1s expediently also provided that a
plug 1s fitted to the end, wherein the jacket 1s removed 1n the
region before the plug and only the data cable with the
intermediate sheath 1s introduced into the plug.

For this embodiment 1t 1s not absolutely necessary 1n this
context for the intermediate sheath and jacket to be easily
separable from one another. The separation of the jacket or
even parts thereol to a desired remaining final diameter 1n
the region of the plug can also be carried out by means of
suitable removal machines, for example by means of a
stripping process etc.

In the case of the foamed embodiment, the foamed jacket
1s expediently bounded at least on one side, and preferably
on both sides, by a thin skin layer, with the result that the
jacket 1s, 1 particular, closed toward the outside and 1s not
open-pored. The skin layer preferably has a wall thickness 1n
the region of merely 0.25 um to, for example, 100 um here.
In contrast, the minimum wall thickness of the foamed
material of the jacket 1s 1n the region of 0.2 mm.

According to one alternative embodiment to the first basic
variant, the jacket according to a second basic varnant
surrounds the transmission core directly.

This second basic variant 1s based on the idea of not
arranging a solid sheath 1n the direct neighboring region of
the conductor pair or of the star quad but instead arranging
a jacket which has a high proportion of air/gas, with the
result that the high-frequency fields of the signal which
propagates 1n the data cable, which enter into these near
surroundings of the jacket, are disrupted and damped as little
as possible.

The jacket 1s expediently also surrounded by an additional
outer sheath, 1 particular sheathed directly. Said outer
sheath 1s preferably embodied 1n a solid fashion and 1s
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preferably embodied from an HF-compatible material. The
jacket 1s therefore embodied 1n the manner of an interme-
diate sheath which 1s embedded between the transmission
core and the outer sheath. The outer sheath serves to protect
against external environmental influences.

However, 1n one preferred embodiment the jacket which
directly surrounds the transmission core itself forms the
outer sheath. Therefore, only the jacket with the high pro-
portion of air 1s arranged. Further sheaths which are
arranged concentrically with respect to the transmission core
are preferably not formed. As a result, good transmission
properties can be obtained with a low usage of material.

In this context, the jacket 1s preferably formed by the at
least one spacer element which 1s embodied, 1n particular, 1n
the manner of a hose-like element which surrounds the
transmission core. This hose-like element thereot has free air
regions here, with the result that the annular space which 1s
in the form of a sheath and which 1s formed by the hose-like
clement encloses a high proportion air.

In this context, the hose-like element 1s preferably
extruded onto the transmission core, with the result that a
simple and cost-eflective manufacture 1s made possible.

The hose-like element 1s expediently formed by a plural-
ity of (plastic) threads or strands which are connected to one
another 1n order to form a mesh, a spunbonded fabric or a
screen-like enclosure. In particular, said element i1s an
extruded spunbonded fabric.

For both basic variants mentioned above, the preferred
developments which are cited below apply equally.

The ratio between a dielectric value of the conductor
insulation and a dielectric value of the jacket 1s therefore
preferably in the range from 1.4 to 1.8 and 1s, 1n particular,
approximately 1.5. In particular, the conductor insulation
has a dielectric value 1n the range from 2.0 to 2.6, and the
jacket has a dielectric value 1n the range from 1.4 to 1.7. As
a result of this measure, a suitable orientation of the so-
called Poynting vector toward the inside 1s achieved, simi-
larly to the case of a Goubau line, with the result that the data
transmission has less loss overall. The jacket 1s, 1n particular,
the foamed sheath.

Furthermore, the jacket has at least a wall thickness 1n the
range from 0.25 mm to 2.2 mm. In particular, the minimum
wall thickness ensures that the high-frequency fields which
penetrate the jacket extend as far as possible only 1n the
region of the jacket.

The jacket also expediently comprises an HF-compatible
material or 1s composed of such a material. This 1s, 1n
particular, a nonpolar matenal, for example the jacket has
plastics such as, for example, PE, PP, TPE S or FEP. In
addition, the negative eflect of polar materials 1s also attenu-
ated by the high proportion of air.

If HF-compatible material 1s mentioned here, 1t 1s under-
stood to refer generally, 1n particular, to a material with only
a low dielectric loss factor at high frequencies. In particular,
the loss factor 1s (in the case of 1 MHz) in the region of
approximately less than 20*10 4; 1n particular less than 5*10
4 or even less than 1*10 4 (according to IEC60250).

In an expedient embodiment, the jacket itself 1s embodied
as a loamed sheath. As a result of this measure, a high
proportion of air or gas 1s therefore introduced 1nto the jacket
by the foaming process. As a result, the transmission prop-
erties are significantly improved compared to a solid sheath.

Said jacket expediently has here a degree of foaming in
the range from 25 to 80%. Degree of foaming 1s understood
here to be the ratio of the proportion of the volume of the
enclosed air with respect to the proportion of the volume of
the material.
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Furthermore, the foamed jacket has a density 1n the range
from 0.3 to 0.75 g/cm3, 1n particular for relatively light-
weight materials such as PE, PP, or a density in the range
from 0.65 to 1.8 g/cm3, 1n particular for relatively heavy
materials such as FEP.

The jacket 1s preferably composed of a plurality of zones,
in particular two or three zones, composed of plastics which
are foamed to differing (high) degrees, wherein the (radially)
inner zones are preferably embodied with a higher degree of
foaming (smaller density) than the outer zones. The different
zones can here also form an imntermediate sheath and an outer
sheath, with the result that the two basic variants are
combined with one another.

As an alternative to the embodiment of the jacket as a
foamed sheath, the jacket has at least one spacer element
which preferably directly surrounds the transmission core
and typically also bears against 1t. The spacer element 1tself
1s interrupted here and has a high proportion of air and 1s
therefore not embodied as a solid hose-like element or an
element 1n the form of a sheath. The outer sheath, which, in
particular, directly sheaths the spacer element, can be pro-
vided around this spacer element. The outer sheath 1s, in
particular, 1n turn composed of a solid material here. How-
ever, an additional outer sheath does not necessarily have to
be formed. There 1s also the possibility of just arranging the
spacer element and/or that the spacer element itself forms a
sheath. The spacer element 1tself 1s composed of an HF-
compatible materal.

According to a first embodiment variant, the spacer ele-
ment 15 embodied here in the manner of an element 1n the
form of a hose, for example a (cable) screen or mesh and 1s
arranged/placed around the transmission core. The spacer
clement 1s preferably embodied here 1n the manner of a C
screen.

The screen or the element 1n the form of a hose has here
only a small extent of coverage in the region of preferably
less than 75%. In particular, the extent of coverage 1s in the
range from 10% to 60%.

The element 1n the form of a hose comprises, overall,
(plastic) threads or strands which are connected to one
another, preferably a mesh screen, which 1s formed from
individual plastic threads. The plastic threads are composed
here i turn of the HF-compatible matenial.

In a further alternative embodiment, the spacer element 1s
finally embodied 1n the manner of a hose-like spunbonded
fabric which surrounds the transmission core. Said spun-
bonded fabric 1s preferably composed here of solid or else
toamed plastic.

The at least one spacer element generally, and, 1n particu-
lar, the spunbonded fabric are expediently formed here by
means ol extrusion and are, in particular, also applied
directly to the transmission core by means of an extrusion
process. The spunbonded fabric comprises here, 1n particu-
lar, individual plastic strands which form a type of network
by means of a special extrusion process. Such extruded
spunbonded fabrics are used, for example, as packing mate-
rials.

Basically, other hose-like structures which surround the
transmission core and which have only a small extent of
coverage and therefore a high proportion of air can also be
used. The thickness of the hose-like elements and therefore
the radial extent of the spacer element are here, 1n particular,
in the region of the wall thickness of the jacket specified
above, that 1s to say, 1n particular, 1n the range from 0.2 mm
to 2.2 mm.

This thickness also applies to the embodiment variants
specified below for the spacer element.
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According to an alternative embodiment variant, said
spacer element has at least one strand, in particular com-
posed ol a plastic composed of an HF-compatible material,
which 1s wound around the transmission core. The plastic
strand 1s here expediently embodied with the opposite lay to
a stranding direction of the conductor pair or of the trans-
mission core, with the result that the strand does not enter the
interstice between the conductors. The strand 1s preferably
surrounded by an outer sheath, in particular a sheath which
1s extruded 1n the form of a hose.

The preferably extruded spacer element 1s here generally
solid or composed from a foamed material. It 1s produced
during manufacture, for example 1n the case of embodiment
as a wound strand, 1n particular by virtue of the fact that an
extruder or an extrusion head rotates.

A lay length of the transmission core and a lay length of
the wound plastic strand expediently have a ratio of a
primary number with respect to one another. As a result,
reliably periodic interference 1s avoided.

In one alternative embodiment, the spacer elements are
part of a sheath and are preferably arranged protruding
radially inward on an inner side of the sheath. They prefer-
ably have a sufliciently large radial length here, with the
result that a sufficient free space 1s formed between two
successive spacer elements when considered in the circum-
ferential direction. When considered 1n the cross section, the
spacer elements are embodied, for example, 1n a semicircu-
lar or tnangular fashion or else 1n a trapezoidal shape. They
therefore generally taper in the direction of the transmission
core. As a result of this embodiment, the spacer elements
therefore center and hold the transmission core centrally.
The radial length of the spacer elements corresponds here
preferably in turn to the wall thickness of the jacket specified
above. It 1s preferably in the range from 0.2 to 0.8 times the
maximum wall thickness of the sheath.

In order to ensure the largest possible occlusion of air only
a small number of spacer elements are also integrally
molded on. In particular, only four, six or at maximum eight
spacer elements are arranged distributed around the inner
circumierence of the sheath. The spacer elements are pret-
erably arranged distributed uniformly here. For reasons of
symmetry, the number of spacer elements 1s expediently an
even number.

In order to ensure the most accurate possible concentric
guidance of the transmission core and, 1n particular, of only
one conductor pair relative to the sheath, the transmission
core 1s guided rotated relative to the sheath with the inte-
grally molded-on spacer elements. The individual conduc-
tors are there-fore guided extending in a helix-like fashion
inside the sheath, with the result that said conductors are
supported periodically on the individual spacer elements and
reliably guided centrally by means of the latter as a result.

In a turther alternative embodiment, the jacket comprises
a hollow hose 1n which the transmission core/the conductor
pair does not extend linearly but instead 1s gumded in
corrugations or 1n a zigzag shape, with the result that, 1n
particular, periodically recurring support points of the trans-
mission core are formed on the mner wall of the hollow
hose. The transmission core therefore bears only on apex
points.

Other features which are considered as characteristic for
the invention are set forth 1n the appended claims.

Although the imnvention 1s illustrated and described herein
as embodied 1n a data cable and 1ts incorporation into a
motor vehicle, it 1s nevertheless not intended to be limited to
the details shown, since various modifications and structural
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changes may be made therein without departing from the
spirit of the invention and within the scope and range of
equivalents of the claims.

The construction and method of operation of the inven-
tion, however, together with additional objects and advan-
tages thereol will be best understood from the following
description of specific embodiments when read in connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a cross-section taken through a data cable
according to a first basic variant with a foamed outer sheath;

FIG. 2 shows a side view of the data cable 1llustrated in
FIG. 1 with fitted-on plug indicated;

FIG. 3A shows a cross-sectional illustration of a data
cable according to a second basic variant, in which a
spunbonded fabric, as a jacket with a high proportion of arr,
directly surrounds a transmission core and at the same time
defines the outer sheath;

FIG. 3B shows a side view of the data cable according to
FIG. 3A;

FIG. 4A shows a further embodiment variant of the
second basic variant with a jacket which 1s foamed directly
around the transmission core and has an additional outer

sheath;

FIG. 4B shows a further embodiment variant 1n which a
plastic strand which 1s wound with an opposite lay 1s
arranged between the trans-mission core and the outer
sheath 1n order to form the jacket with a high proportion of
air; and

FIG. 4C shows a cross-sectional illustration through a
turther variant 1n which radially inwardly directed spacers,
which center the transmission core, are integrally molded
onto the outer sheath.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Referring now to the figures of the drawing 1n detail, all
the data cables 2 which are described below are cables
preferably for symmetrical signal transmission in which the
signal 1s transmitted over one line of a line pair, and an
inverted signal 1s transmitted over the other line of a line
pair. The data cable 2 is preferably a non-screened data cable
2, that 1s to say, 1t does not have any screening. It has a
comparatively simple structure. The data cable 2 in the
exemplary embodiments has only a single conductor pair as
a transmission core 4. The conductor pair 1s composed here
of two conductors 6 which are each formed by a line 8 and
a conductor msulation 10 which surrounds 1t concentrically.
The two conductors 6 are stranded to one another, that 1s to
say twisted together, with a lay length.

The conductor msulation 10 1s preferably composed of
polypropylene, and the line 8 1s, 1in particular, a stranded
conductor. The individual wires of the stranded conductor
are embodied, in particular, as copper wires and are prefer-
ably tin-plated.

As an alternative, the transmission core 4 can be formed
by a quad stranded assembly, in particular a so-called star
quad, 1n which two conductors 6 which are located diago-
nally opposite one another define the conductor pair for the
symmetrical data transmission. The four conductors 6 are
stranded to one another. The conductors 6 bear with their
conductor 1nsulations 10 directly against one another. A filler
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strand can be arranged 1n the center 1n order to ensure the
high level of symmetry which is desired for an 1nterference-
free signal transmission.

Overall, a high degree of symmetry with such a non-
screened data cable 2 1s sought and realized, 1n order to
ensure an interference-ree signal transmission.

In the first basic variant illustrated in FIG. 1, the trans-
mission core 4 1s {irst surrounded directly by an intermediate
sheath 12 which 1s 1n turn surrounded by a foamed outer
sheath 14. The data cable 2 preferably does not have further
layers.

The itermediate sheath 12 i1s preferably a solid
intermediate sheath 12. Alternatively, 1t can also be a foamed
intermediate sheath 12. Both the intermediate sheath 12 and
the outer sheath 14 are preferably applied by way of an
extrusion process.

The intermediate sheath 1s composed, for example, of
TPE S (thermoplastic elastomer, styrenic block copoly-
mers). In the exemplary embodiment, the foamed outer
sheath 14 1s composed of polypropylene.

Owing to the foamed embodiment, the outer sheath 14
forms a jacket with a high proportion of air. The degree of
foaming 1s here, in particular, at least approximately 50%.

The outer sheath 14 has a wall thickness w1l which 1s 1n
the range from 0.2 to 0.8 mm and 1s preferably 1n the region
of 0.5 mm. The mtermediate sheath 12 has an average wall
thickness w2 which 1s 1n the range from 0.3 to 1 mm and 1s
in particular approximately 0.5 mm. It 1s preferably some-
what larger than the wall thickness w1 of the outer sheath 14.
The average wall thickness w2 1s understood here to be the
difference between the radn of the transmission core 4 and
the outer radius of the intermediate sheath 12, as 1s apparent
from FI1G. 1. In view of the desired high degree of symmetry,
the intermediate sheath 12 surrounds the transmission core
4 strictly concentrically. In this context, during the extrusion
process sheath material of the intermediate sheath 12 also
penetrates the mterstices between the two conductors 6. The
outer sheath 14 1s also arranged strictly concentrically.

The entire data cable 2 has an outer diameter d1 which 1s
defined by the outer diameter of the outer sheath 14.
Furthermore, the intermediate sheath 12 has a diameter d2,
and the transmission core has a diameter d3. The latter 1s
usually 1n the range between 1.5 and 2.2 mm and 1s 1n
particular approximately 1.8 mm. The diameter d2 of the
intermediate sheath 12 1s 1n the range from 2.8 to 3.4 mm
and 1s preferably approximately 3 mm. The total outer
diameter d1 1s approximately 0.8 to 2 mm and 1n particular
approximately 1 mm above that, with the result that overall
there 1s a total outer diameter d1 of approximately 3.6 to 5.5
mm and preferably of approximately 4 mm.

It 1s henceforth of particular significance that the diameter
d2 of the intermediate sheath corresponds to a standard outer
diameter such as 1s necessary for standard plugs in such
Ethernet lines which are used in the field of automobiles.

When a plug 16 such as 1s indicated 1n a highly simplified
form, for example, 1n FIG. 2 1s assembled, firstly only the
outer sheath 14 1s removed 1n the end region over, for
example, several centimeters and the data cable 2 1s only
introduced with the intermediate sheath 12 into the plug 16.
For the necessary assembly, the outer sheath 14 1s preferably
casily separable from the intermediate sheath 12 here. This
1s achieved, for example, by means of different materials for
these two sheaths 12, 14 and/or by providing a separating
layer between these two sheaths 12, 14.

The data cable 2 which 1s described in FIGS. 1 and 2
provides overall the particular advantage that as a result of
the arrangement of the outer sheath 14 with the high
proportion of air and the specific dimensioning of the
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intermediate sheath 12 to the standard measure of 3 mm a
data cable 12 which 1s improved with respect to the signal
transmission quality 1s made available and at the same time
it 1s possible to have recourse to standard assembly elements
such as the plug 16. In particular an 1nput of energy of an
interfering source coming Ifrom the outside 1s at least
reduced by the outer sheath 14 and the resulting increased
dimensioning and surface of the data cable 2. At the same
time, the amount of material required and the additional
weight 1s kept as low as possible by virtue of the foamed
outer sheath 14. The sensitivity with respect to the so-called
alien-next 1s therefore reduced.

The embodiment variants which are illustrated 1n the
turther figures represent diflerent embodiment variants of a
second basic variant in which the jacket with the high
proportion of air 1s arranged directly around the transmission
core 4.

In the exemplary embodiment 1llustrated 1n FIGS. 3A and
3B, this jacket forms at the same time an outer sheath 18.
The entire data cable 2 1s therefore formed merely by the
transmission core 4 and the outer sheath 18 thereof. FIG. 3A
also illustrates a four-conductor, starquad cable. It should be
understood that the embodiment of FIG. 3A may also
contain two conductors; at the same time, the embodiment
of FIG. 1 may be a starquad cable.

The outer sheath 18 1s, 1n particular, a hose-shaped
clement 1n the form of a spunbonded fabric 20 which 1s
extruded onto the transmission core 4. This outer sheath 18
1s therefore characterized by individual strands which cross
one another and which are therefore embodied, for example,
in the form of a grid and enclose free air spaces 22 between
them. In this context, a solid or else a foamed HF-compatible
plastic 1s used as the matenial for the spunbonded fabric 20.
Such extruded spunbonded fabrics are known as packing
materials. They are produced by two perforated disks which
rotate 1n opposite directions 1n an extruder. In order to form
the structure, 1n particular two so-called D braiding elements
running in opposite directions are bonded to one another at
the 1ntersection points.

The conductors 6 of the transmission core 4 are basically
suitable to be used even without a solid outer sheath. This 1s
exploited by the exemplary embodiment in FIGS. 3A and
3B, since additional protection via a solid outer sheath 1s not
absolutely necessary. At the same time, an improved data
transmission owing to relatively low signal attenuation 1s
achieved by virtue of the outer sheath 18 which 1s embodied
as a jacket with a high proportion of air.

The dimensions of the data cable 2 are in turn comparable
with those according to FIG. 1. The trans-mission core 4 1s
here embodied in an 1dentical way and the outer sheath 18
has here a diameter d2 which corresponds to the diameter d2
of the intermediate sheath 12 1n the embodiment variant of
FIG. 1. The outer sheath 18 according to FIG. 3A therelfore
has a diameter d2 of approximately 3 mm, with the result
that the data cable 2 1s suitable for standard plugs 16.

The spunbonded fabric 20 forms 1n total a spacer element.
This spunbonded fabric 20 therefore forms a spacer with
respect to, for example, adjacent data cables 2 or else ground
potentials (vehicle bodywork) and other components. As a
result of the embodiment of the outer sheath 18 as a
spunbonded fabric, material and weight are saved compared
to solid outer sheaths.

In the turther exemplary embodiment according to FIGS.
4A, 4B and 4C, the jacket with a high proportion of air 1s
also additionally surrounded by an, 1n particular, solid outer
sheath 24.
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In the embodiment variant according to FIG. 4A, a
foamed intermediate sheath 26 1s concentrically applied to
the transmission core 4 here before the latter 1s surrounded
by a preferably solid outer sheath 24.

In FIG. 4B, in order to form the jacket with the high
proportion of air a plastic strand 28 1s applied which 1s
arranged 1n a helical shape around the transmission core 4
and therefore keeps the outer sheath 24 at a distance from the
transmission core 4. The intermediate space between the
transmission core 4 and the outer sheath 24 1s formed by the
free air space 22. As a result of the application of the plastic
strand 28 with the opposite lay to the stranding direction of
the conductors 6, the plastic strand 28 is reliably prevented
from sagging in an interstice between the conductors 6. As
a result, the desired high degree of symmetry 1s ensured.
Subsequently, the outer sheath 24 1s connected as a prefab-
ricated hose onto this transmission core 4 which 1s provided
with the plastic strand 28. Overall, this embodiment variant
permits a very small usage of material with at the same time
a high proportion of air 1n the jacket.

As an alternative to the embodiment of the plastic strand
28 as a spacer element, in a way which 1s not illustrated 1n
more detail here a hose-like element, similar for example to
the spunbonded fabric 20, 1s applied around the transmission
core 4. This can be the spunbonded fabric 20 shown 1n FIG.
3B or else a mesh or some other hose-like structure with free
air spaces 22. In particular, a so-called C screen as a mesh
composed of plastic threads 1s applied. The outer sheath 24
1s also preferably applied 1in a hose extrusion or semi-hose
extrusion here.

FIG. 4C shows an embodiment variant in which indi-
vidual spacer elements 30 are integrally molded onto the
outer sheath 24 so that they extend radially inward. The
spacer elements 30 taper here 1n the direction of the trans-
mission core 4, with the result that they have a preferably
rounded tip, with the result that they make contact with the
conductors 6 as far as possible only 1n a punctiform fashion.
In order to form the spacer elements 30, corresponding
protrusions are formed in an extrusion mouthpiece which 1s
used for the extrusion of the outer sheath 24. These protru-
sions remain at the 1identical point during the manufacturing,
process. At the same time, owing to the stranding the
conductor pair rotates, and the rotation of the conductor pair
therefore guides said conductor pair precisely in the center
of the outer sheath 24. The conductor pair therefore cannot
slip 1nto the gaps 1n the outer sheath 24.

In order to achieve the highest possible proportion of arr,
only a small number of spacer elements 30, 1n particular at
maximum eight and preferably only four spacer elements
30, are expediently used here. In view of the desired high
degree of symmetry, an even number 1s used here. In terms
of manufacturing equipment, this embodiment can be fab-
ricated on conventional extruders, and 1s defined by a high
degree of mechanical stability and good processability, since
no additional working steps are necessary for the assembly
of a plug 16. The diameter of the outer sheath 24 preferably
corresponds here 1n turn to the standard diameter of approxi-
mately 3 mm.

Finally, 1n an alternative embodiment variant, which 1s not
specifically illustrated in more detail, the outer sheath can be
embodied as a hollow hose 1nto which the stranded conduc-
tor pair 1s laid 1n a corrugated shape or zigzag shape. As a
result, the transmission core 4 bears against the outer sheath
only at the apex points of the recurring deformation.

In the embodiment variants described here, an HF-com-
patible matenial 1s selected for the respective jacket. In the
embodiment variants with the formed sheath, gas or air 1s
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introduced as virtual occlusions through either chemical or
physical foaming processes. In particular, in the embodi-
ment variant in FIG. 1, the foamed outer sheath 14 has at
least also a thin skin layer to counteract mechanical stresses.
This thin skin layer 1s sealed. In order to manufacture the
foamed sheath, an extrusion line with the possibility of
physical foaming or a sheath material which 1s provided
with a blowing agent 1s used for the extrusion.

The data cable 2 which 1s described here 1s used, for
example with further cables or lines 1n a common cable
harness, 1n a motor vehicle as part of the on-board power
system.

The following 1s a summary list of reference numerals and
the corresponding structure used 1n the above description of
the 1nvention:

2 Data cable

4 Transmission core

6 Conductors

8 Line

10 Conductor isulation

12 Intermediate sheath

14 Outer sheath

16 Plug

18 Outer sheath

20 Spunbonded fabric

22 Free air space

24 Outer sheath

26 Foamed intermediate sheath

28 Plastic strand

30 Spacer element

dl Outer diameter

d2 Diameter

w1l Wall thickness

w2 Wall thickness

The 1nvention claimed 1s:

1. A data cable, comprising:

a transmission core having a single stranded conductor
pair or four conductors that are stranded to form quad
stranding, each conductor having a line and a conductor
insulation sheathing said line;

a jacket with a high proportion of air surrounding said
transmission core, said jacket being selectively formed
by a foamed sheath or at least one spacer element which
defines an annular sheath space with free air spaces
around said transmission core;

an intermediate sheath disposed between said transmis-
s1on core and said jacket with a high proportion of air;

said jacket being a foamed outer sheath and said jacket
being insulated from said intermediate sheath; and

said jacket and said intermediate sheath being composed
of mutually different materials that are not connected to
one another or are connected to one another only to a
small extent, and/or having a separating agent intro-
duced between said jacket and said intermediate sheath.

2. The data cable according to claim 1, which comprises
a plug fitted to an end of the data cable, wherein the jacket
1s removed 1n front of said plug and only said intermediate
sheath projects mto said plug.

3. The data cable according to claim 1, wherein said jacket
1s a foamed jacket with a closed skin layer at least on an
outer side thereof.

4. The data cable according to claim 1, wherein said jacket
with the high proportion of air 1s applied around said
transmission core.

5. The data cable according to claim 4, wherein said jacket
forms an outer sheath.
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6. The data cable according to claim 1, wherein said at
least one spacer element 1s a hose-shaped element surround-
ing said transmission core.

7. A data cable, comprising:

a transmission core having a single stranded conductor
pair or four conductors that are stranded to form quad
stranding, each conductor having a line and a conductor
insulation sheathing said line;

a jacket with a high proportion of air surrounding said
transmission core, said jacket being selectively formed
by a foamed sheath or at least one spacer element which
defines an annular sheath space with free air spaces
around said transmission core, wherein said spacer
clement 1s a spunbonded fabric which surrounds said
transmission core.

8. The data cable according to claim 1, wherein a ratio
between a dielectric value of said conductor msulation and
said jacket lies 1n a range from 1.4 to 1.8.

9. The data cable according to claim 4, wherein said
conductor insulation has a dielectric value 1n a range from
2.0 to 2.6, and said jacket has a dielectric value 1n a range
from 1.4 to 1.7.

10. The data cable according to claim 1, wherein said
jacket has a wall thickness 1n a range from 0.25 mm to 2.2
mm.

11. The data cable according to claim 1, wherein said
jacket has a degree of foaming 1n a range from 25% to 80%.

12. A data cable, comprising:

a transmission core having a single stranded conductor
pair or four conductors that are stranded to form quad
stranding, each conductor having a line and a conductor
insulation sheathing said line;

a jacket with a high proportion of air surrounding said
transmission core, said jacket being selectively formed
by a foamed sheath or at least one spacer element which
defines an annular sheath space with free air spaces
around said transmission core, wherein said jacket 1is
composed of an HF-compatible, nonpolar materal.

13. The data cable according to claim 12, wherein said
foamed sheath has a density 1n a range from 0.3 to 0.75
g/cm” for relatively lightweight materials, or a density in a
range from 0.65 to 1.8 g/cm’ for relatively heavy materials.

14. The data cable according to claim 1, wherein said
jacket sheath 1s composed of a plurality of zones of differ-
ently foamed plastics, the zones including inner zones
formed with a relatively higher degree of foaming and outer
zones formed with a relatively lesser degree of foaming.

15. The data cable according to claim 1, wherein said at
least one spacer element 1s formed as:

a hose arranged directly around said transmission core; or

at least one plastic strand which 1s wound around said
transmission core; or

a spacer element that 1s integrally molded onto a sheath 1n
the radial direction.

16. The data cable according to claim 15, wherein said
hose 1s a screen, a mesh or a spunbonded fabric formed
directly around said transmission core; or said at least one
plastic strand 1s wound around said transmission core with
an opposite lay to a stranding direction of said transmission
core.

17. The data cable according to claim 15, wherein said
spacer formed as a hose clement has a small extent of
coverage 1n a region of less than 75%.

18. The data cable according to claim 15, wherein a lay
length of said transmission core and a lay length of said
wound plastic strand have a ratio of a prime number with
respect to one another.
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19. The data cable according to claim 15, wherein no
more than eight spacer elements are integrally molded onto
said sheath.

20. The data cable according to claim 135, wherein said at
least one spacer element 1s extruded onto said transmission 5
core.

21. The data cable according to claim 1, wherein said
jacket comprises a hollow hose 1n which said transmission
core 1s guided 1n corrugations or 1n a zigzag shape, with said
transmission core bearing against said hollow hose at a 10
deformation thereof.

22. A motor vehicle, comprising a data cable according to
claim 1.
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